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What are HNL?
ÅNeutrino oscillations: ɝά ȟɝά πᵼat least 2 massive neutrino states

ÅProblem: Standard Model predicts all neutrinos (always left-chiral in SM) are 
massless

ÅCan explain masses through seesaw mechanism
ÁMix with LH in new mass eigenstates, HNL, via extended PMNS
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New J. Phys.6 (2004) 82; arXiv: 2203.08039 [hep-ph]
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https://iopscience.iop.org/article/10.1088/1367-2630/6/1/082
https://arxiv.org/abs/2203.08039


The MINERvA detector

ÅLocated on-axis in NuMI beamline

Å120 GeV ὴ ὅᴼÈÁÄÒÏÎÓᴼ’ȟӶ’

ÅExtruded plastic scintillator

ÅρȢς ρπ POT @ Ὁ φ'Å6
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First measurement of coherent 
cross-section A-dependence!

Why HNL?

1. Exposure: HNL rates θ Ὗ so need POT!

2. Reconstruction: resolutions „ḐυÎÓ, „ ρͯÍÍ, „ ρͯÍÒÁÄ+ ʈmatching w/ MINOS

3. Background: irreducible SM bkg is 

i. CC coherent pion production

ii. mis-)$ȭÄ ## ’ interactions

(see e.g. JHEP2022 (2022) 48)

CC Coherent:’Љ ὃᴼЉᶸ“ὃ

Alejandro Ramírez 
Delgado, Joint 
Experimental-
Theoretical Physics 
Seminar, 10/Jun/2022
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https://link.springer.com/article/10.1007/JHEP01(2022)048


7ÈÁÔȭÓ ÔÈÅ ÇÏÁÌȩ
ÅEither detect HNLor update limit plots

ÅCounting analysis: find excess over SM background after reduction

ÅUsing cuts on topology and kinematics to reduce backgrounds
Á Coherent-like topology: ~ ַײρππËevents in tracker before cuts

Á Trident -like topology: ͯ ρπevents in trackerײַ

ÅOther channels considered but hard to reconstruct sufficiently well in MINERvA
Á Can differentiate ʈ from ʌ because of outer calorimetry + MINOS matching

ÅTiming information: Sufficiently slow HNL can appear past NuMI beam spill

JHEP2019 (2019) 119

’ ὃᴼ‘“ὃ ᴾ ὔᴼ‘“

’ ὃᴼ‘‘’ὃ ᴾ ὔᴼ‘‘’

NIM A 743 (2014) 130-159

beam OFFbeam ON

Recent Fermilab searches:
ArgoNEUT: Phys. Rev. Lett.127 (2021) 12

MicroBooNE(BNB): Phys. Rev. D 101 (2020) 5
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Interaction vs      Decay

https://link.springer.com/article/10.1007/JHEP01(2019)119
https://www.sciencedirect.com/science/article/pii/S0168900214000035
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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Can we find events like this?
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Interaction vs      Decay
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Lifetime floors
BBN from cosmology
Seesaw from 
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https://arxiv.org/abs/2203.08039v1
https://arxiv.org/abs/2203.08039v1
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MINERʉA: □Ⱨ □╝ □╚ □Ⱨ
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HNL implementation: GENIEv3
ÅNeed to generate HNL events in MINERvA using appropriate Lagrangian

ÅImplementing long-lived HNL module 

ÅMajor deliverables:

1. Flux prediction from NuMIÆÌÕØ ȰÄËςÎÕȱ  ÆÉÌÅÓ
Depending on HNL parameter space

and location of detector

2. Decay selection routines with correct event rates
Generate available final states in map: <Gamma, FS>

Using simple phase-space decay & boost to lab frame

3. Detector geometry routines
Used to update effective POT as:

ὲ ὲ ὖ ὖ В Ὗ

ὖ ÅØÐ ɜ

ὖ ρ ÅØÐ
Љ

ɜ

ὒ: prod to det entry, Љ: det entry to det exit

Project wiki page
Generator fork

Phys. Rev. D 94 (2014) 9
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Ὁ Ⱦρ'Å6Ὁ 'Å6

https://github.com/GENIE-MC/Generator/wiki/Heavy-Neutral-Lepton-simulation
https://github.com/kjplows/Generator
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.092005


Flux prediction
ÅUsing dk2nu files: ignore all neutrino information

ÅUse parent (“ȟὑ ȟ‘ᶸȟὑ ) information and ὲ

ÅRe-calculate parent decay rates under pseudo-unitarity constraint В Ὗ ρ
Á (i.e. no SM ʉare made in this simulation)

ÅRe-ÃÁÌÃÕÌÁÔÅ ÎÅÕÔÒÉÎÏ ÅÎÅÒÇÙ Ǫ ÇÅÏÍÅÔÒÉÃÁÌ ÁÃÃÅÐÔÁÎÃÅ ÉÎ ȰÄËςÎÕ-ÌÉËÅȱ ÍÁÎÎÅÒ

Á Boost correction: ὄ ρ  ÃÏÓ—

Á Ὁ Ὁ ὄ

Á ὃ ὄ

ÅAlso add correction due to backwards-emitted HNL reaching detector
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Ὗ ȡὟ ρȡρ Ὗ ȡὟ ρȡπ

SM ’ ’

Parents
: all
: pion
: kaon
: muon
: K0

NOTSM ’
Flux spectra
at MINERvA

4 parents
ὓ ṧ Ὗ

Ὗ ρ
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ὓ π-Å6Ⱦὧ

ὓ ςυπ-Å6Ⱦὧ
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